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Development of Titanium Surface Treatment for Promoting Cell-activation
Kazumitsu SEKINE
Abstract：Thromboembolism events around the cannula and cardiac periventricular were oftenly 
reported after implanting ventricular assist devices. To assist preventing these problems, we have 
studied the surface structural modification, based on the titanium (Ti) micro-porous structure, 
the chemical modification, and the hydro-oxidization treatment. The purpose of this study is the 
fabrication and evaluation of their fundamental modification that would be the factor of the neointimal 
growth in vivo.
Titanium powder was mixed with melted thermoplastic wax as the plastic compound method, 
and with calcium phosphate paste as the ceramics compound method. From each paste, adequate 
specimens were manufactured after sintering. Specimens were measured the porosity and the pore 
size, and were also evaluated in several mechanical properties. Compared to two methods for 
manufacturing the Ti micro-porous materials, the plastic compounds showed the fine characteristics in 
mechanical properties. But for applying as the scaffold for neointimal and blood compatible materials, 
these specimens would be better for promoting the blood vessel neointima.
For the chemical modification of Ti materials surface, bulk Ti specimens were operated with the 
hydroxide treatment for modification. For promoting the cell growth, type I collagen were put on 
as the amino group rich container, and fixed with isocyanate for deriving the urethane bonding on 
the surface. After these treatments, specimens were measured their fixed collagen. Specimens were 
also observed by SEM, and analyzed by X-ray photoelectron spectroscopy. Fibroblast cells were 
also harvested on specimens’ surface for studying the performances as the scaffold. Our hydroxide 
treatment showed the favorable performance for the stability of hydroxyl gel surface and modified 
collagen, and also indicated as the fine scaffold.
Our results indicated the possibility of application for perivascular position and blood contacting 
situation, by promoting the cell-activation depending on micro-porous structure and modified titanium 
surface. Especially by choosing and trying the adequate cell activating factor concerning among the 
multiple organs and implantable devices, these treatment would be widely applicable for them.
徳島大学大学院ヘルスバイオサイエンス研究部生体材料工学分野
Department of Biomaterials and Bioengineering, Institute of Health Biosciences, The University of Tokushima Graduate School
四国歯誌　26（２）：49～ 54，2014
基礎系教育講演






















































































































































































































































１） Branemark PI: Osseointegration and its experimental 
background. J Prosthet Dent 50, 399-410 (1983)
２） Davies JE: Mechanisms of endosseous integration. Int J 
Prosthondont 11, 391-401 (1998)
３） Veis AA, Trisi P, Papadimitriou S, Tsirlis AT, Parissis 
NA, Desiris AK and Lazzara RJ: Osseointegration of 
Osseotite and machined titanium implants in autogenous 
bone graft. A histologic and histomorphometric study in 
dogs. Clin Oral Implants Res 15, 54-61 (2004)
４） Nose Y: Blood contacting surface of titanium: is it the 
metal or the water? Artif Organs 22, 1003-1004 (1999)
５） Chen J, Chen C, Chen Z, Chen J, Li Q and Huang N: 
Collagen/heparin coating on titanium surface improves 
the biocompatibility of titanium applied as a blood-
contacting biomaterial. J Biomed Mater Res A 95, 
341-349 (2010)
６） Yokoyama K, Kaneko K, Miyamoto Y, Asaoka K, Sakai 
J and Nagumo M: Fracture associated with hydrogen 
absorption of sustained tensile-loaded titanium in acid 
and neutral fluoride solutions. J Biomed Mater Res A 68, 
150-158 (2003)
７） Ogawa T, Yokoyama K, Asaoka K and Sakai J: Hydrogen 
absorption behavior of beta titanium alloy in acid fluoride 
solutions. Biomaterials 25, 2419-2425 (2004)
８） Yokoyama K, Ogawa T, Asaoka K and Sakai J: Hydrogen 
absorption of titanium and nickel-titanium alloys during 
long-term immersion in neutral fluoride solution. J 
Biomed Mater Res B Appl Biomater 78, 204-210 (2006)
９） 公益社団法人日本臓器移植ネットワーク http://
www.jotnw.or.jp/
10） United network for organ sharging http://www.unos.org/
11） Brancaccio G, Filippelli S, Michielon G, Iacobelli R, 
Alfieri S, Gandolfo F, Pongiglione G, Albanese S, 
Perri G, Parisi F, Carotti A and Amodeo A: Ventricular 
assist devices as a bridge to heart transplantation or as 
destination therapy in pediatric patients. Transplant Proc 
44, 2007-2012 (2012)
12） Tsiouris A, Brewer RJ, Borgi J, Nemeh H, Paone G 
and Morgan JA: Continuous-flow left ventricular assist 
device implantation as a bridge to transplantation or 
destination therapy: racial disparities in outcomes. J 
Heart Lung Transplant 32, 299-304 (2013)
13） Hata M, Hayasaka M, Sezai A, Niino T, Yoda M, 
Unosawa S, Taoka M, Osaka S, Furukawa N, Kimura H 
and Minami K: Proton pump inhibitors may increase the 
risk of delayed bleeding complications after open heart 
surgery if used concomitantly with warfarin. Thorac 
Cardiovasc Surg 56, 274-277 (2008)
14） Ba rbucc i  R  and  Magnan i  A :  Phys iochemica l  
characterization and coating of polyurethane with a new 





15） Nakayama Y, Yamaoka A, Nemoto Y, Alexey B and 
Uchida K: Thermoresponsive heparin bioconjugate 
as novel aqueous antithrombogenic coating material. 
Bioconjug Chem 22, 193-199 (2011)
16） Kihara S, Yamazaki K, Litwak KN, Litwak P, Kameneva 
MV, Ushiyama H, Tokuno T, Borzelleca DC, Umezu 
M, Tomioka J, Tagusari O, Akimoto T Koyanagi H, 
Kurosawa H, Kormos RL and Griffith BP: In vivo 
evaluation of a MPC polymer coated continuous flow 
left ventricular assist system. Artif Organs 27: 188-192 
(2003).
17） Hirota K, Murakami K, Nemoto K and Miyake Y: 
Coating of a surface with 2-methacryloyloxyethyl 
phosphorylcholine (MPC) co-polymer significantly 
reduces retention of human pathogenic microorganisms. 
FEMS Microbiol Lett 248, 37-45 (2005)
18） Katakura O, Morimoto N, Iwasaki Y, Akiyoshi K and 
Kasugai S: Evaluation of 2-methacryloyloxyethyl 
phosphorylcholine (MPC) polymer-coated dressing on 
surgical wounds. J Med Dent Sci 52, 115-121 (2005)
19） Sawada S, Iwasaki Y, Nakabayashi N and Ishihara K: 
Stress response of adherent cells on a polymer blend 
surface composed of a segmented polyurethane and MPC 
copolymers. J Biomed Mater Res A 79, 476-484 (2006)
20） Iwasaki Y, Nakabayashi N and Ishihara K :  In 
vitro and ex vivo blood compatibili ty study of 
2-methacryloyloxyethyl phosphorylcholine (MPC) 
copolymer-coated hemodialysis hollow fibers. J Artif 
Organs 6, 260-266 (2003).
21） Wang N, Trunfio-Sfarghiu AM, Portinha D, Descartes S, 
Fleury E, Berthier Y and Rieu JP: Nanomechanical and 
tribological characterization of the MPC phospholipid 
polymer photografted onto rough polyethylene implants. 
Colloids Surf B Biointerfaces 108, 285-294 (2013)
22） Recum AF, Shannon CE, Cannon CE, Long KJ, Kooten 
TG and Meyle J: Surface roughness, porosity, and texture 
as modifiers of cellular adhesion. Tissue Eng 2, 241-253 
(1996)
23） Chen J, Mwenifumbo S, Langhammer C, McGovern 
JP, Li M, Beye A and Soboyejo WO: Cell/surface 
interactions and adhesion on Ti-6Al-4V: effects of 
surface texture. J Biomed Mater Res B Appl Biomater 
82, 360-373 (2007)
24） Sakamoto Y, Asaoka K, Kon M, Matsubara T and 
Yoshida K: Chemical surface modification of high-
strength porous Ti compacts by spark plasma sintering. 




26） Naito Y, Bae J, Tomotake Y, Hamada K, Asaoka K and 
Ichikawa T: Formability and mechanical properties 
of porous titanium produced by a moldless process. J 
Biomed Mater Res B Appl Biomater 101, 1090-1094 
(2013)
